Objective: Clopidogrel therapy is the standard of care in patients with unstable angina. However, a percentage of subjects are nonresponders to clopidogrel and this leads to increased adverse outcome. On the other way round, some responsive patients are exposed to bleeding complications. Detection of both in daily practice is important in order to tailor the treatment protocol. In this study we aimed to estimate the cutoff value of mean platelet volume (MPV) for both platelet responsiveness and bleeding risks. Methods: The study was planned as a prospective cohort study. A total number of 230 patients admitted to our CCU with unstable angina over a period of one year (from June 2013 to May 2014) were enrolled. Exclusion criteria were: severe anemia, thrombocytopenia, myelodysplastic syndrome, coagulopathy and recent blood transfusion. In all patients clopidogrel was initially started and maintained during the hospital stay. Blood (2 ml) was collected in dipotassium EDTA tubes from all patients on the first day of admission by a clean puncture. Samples for MPV analysis were drawn on admission, and analyzed within 1 hour of admission after sampling by Beckman Caulter LH 780 Analyzer. Grouping was then done according to MPV of the patients into group (I) who had a low MPV less than or equal to 7.00 fl, and group (II) with MPV equal to or higher than 9.00 fl. Demographical and clinical variables of the patients were recorded. Routine laboratory parameters were also recorded. Clinical manifestations during the admission period were meticulously reported. Major complications as bleeding or, urgent need for percutaneous coronary intervention (PCI) were also studied. Results: Among the 230 patients analyzed, 175 patients (76%) were found to have MPV ≤7.00 fl (group (I)) and 55 patients (24%) had MPV ≥9.00 fl (group (II)) with mean ± SD MPV (8.4 ± 1.5 fl, vs 11.7 ± 1.2 fl respectively) (p < 0.001). Observation of clinical course during admission period revealed a statistically more significant clinical deterioration in group (II) than group (I) and the presence of more frequent AMI cases in group (II) having a high MPV. A high cutoff value of 9.7 fl for MPV was detected in prediction of clopidogrel nonresponsiveness (group (II)) with a sensitivity of 78.2% and specificity of 66.8%, and a low cutoff value for bleeding tendency lower than 6.3 fl was detected in group (I) with a sensitivity of 71.4% and specificity of 62.5%. Conclusion: This study showed that MPV can be used as a simple bed-side predictor for detection of clopidogrel response in patients with T. M. Abdel-Rahman 33 unstable angina. And a cutoff value for both platelet responsiveness and risk of bleeding is now reached. This may lead to enhancement in our decision for early intervention and attention for bleeding risk during clopidogrel therapy.
Introduction
Platelets are non-nucleated blood cells which play a crucial role in the process of coagulation. Their function is strongly associated with atherogenesis and atherothrombosis which are important in pathogenesis of cardiovascular diseases [1] .
In the new millennium, coronary artery disease (CAD) is looming large as the new epidemic disease. Both endogenous and exogenous risk factors such as smoking, diabetes mellitus, hypertension, hypercholesterolaemia, mental stress, and obesity, acting either singly or in combination, significantly increase the chances of developing coronary atherosclerosis [2] .
Platelets have been implicated in the pathogenesis of cardiovascular disorders, including atherosclerosis and its complications, such as acute myocardial infarction (AMI), unstable angina (UA), and sudden cardiac death. Platelet hyper-reactivity and local platelet activation have been suggested to play a causal role in acute coronary events [2] .
Platelet size has been shown to reflect platelet activity. Large platelets are metabolically and enzymatically more active than small platelets and produce more thromboxane A2 [3] [4] .
It is known that increased platelet volume is more reactive to higher concentration of active substances in microgranules (e.g. thromboxane A2 and B2, platelet factor 4, P-selectin, platelet-derived growth factor) and expression of adhesive receptors (glycoprotein IIb/IIIa) [5] .
Furthermore, increased MPV values are associated with shortened bleeding time. MPV is a parameter which states platelet size and indirectly proves its activity [6] .
Acetylsalicylic acid (ASA, aspirin) and ADP inhibitor-based therapy is well established in coronary artery disease treatment. Despite this treatment, platelet reactivity may remain high in some patients resulting in more frequent thrombotic complications in a syndrome widely known as high on-treatment platelet reactivity (HTPR) [7] .
In recent years, new ADP inhibitors have become widely available. Although these new drugs undoubtedly decrease the risk of thrombotic complications, they also increase the risk of bleeding complications [8] [9] .
In order to decrease the risk of both thrombotic and bleeding complications, it might be rational in some patients to tailor the antiplatelet treatment and on the other way round to focus at those who are unresponsive to it [10] .
Many intrinsic and extrinsic factors associated with increased risk of HTPR have already been identified. We focused on conditions associated with high platelet turnover and increased ADP level. These risk factors are difficult to be measured exactly, but might be approximated by basic blood count values. Mean platelet volume is higher in younger and in activated platelets [11] , and therefore can be expected to correlate with platelet turnover and platelet activation. Platelet count and platelet hematocrit correlate with a high level of platelet cytoplasm, which is known to be a source of potent pro-aggregatory substances [11] .
ADPP2Y12 receptor interaction causes sustained activation of glycoprotein (GP) IIb/IIIa receptors leading to stable platelet-rich thrombus formation at the site of vessel wall injury [12] .
Therefore clopidogrel whose active metabolite irreversibly inhibits the P2Y12 receptor is a cornerstone of oral antiplatelet therapy in the secondary prevention of coronary artery disease and in the immediate treatment of ACS and PCI. Addition of clopidogrel to aspirin therapy has been associated with better long-term clinical outcomes in patients undergoing PCI [13] [14] .
The long-term clinical benefit associated with dual antiplatelet therapy has been also observed in patients with unstable angina and non-ST elevation myocardial infarction (STEMI) independent of coronary revascularization [15] .
More recently clinical benefit of clopidogrel has also been extended to patients with STEMI [16] [17] . Despite the unambiguous clinical benefit achieved with the adjunct of clopidogrel in ACS/PCI patients, a considerable number of patients continue to have cardiovascular events. This has been attributed to variability of platelet response to clopidogrel therapy. Although the mechanism leading to poor clopidogrel effects is not fully elucidated and the best definition to assess antiplatelet drug response has not been fully established, there is sufficient evidence to support the persistence of enhanced platelet reactivity despite the use of clopidogrel is a clinically relevant entity [18] . Matetzky et al. (2004) demonstrated a strong relationship between clopidogrel nonresponsiveness and/or high on treatment platelet reactivity which was confirmed by multiple platelet assays and correlated to adverse clinical ischemic events [19] .
However due to the lack of consensus on the optimal methods to quantify high platelet reactivity and the cutoff values associated with clinical risk, the routine measurement of platelet reactivity has not been widely implemented in clinical practice or recommended in the guidelines. As larger platelets are metabolically and enzymatically more active, and have greater prothrombotic potential, mean platelet volume (MPV) which is a routinely assessed marker is accepted as a potential measure of platelet reactivity [20] .
However until now no study exists with a specific purpose of investigating the diagnostic accuracy of MPV test in prediction of either clopidogrel resistance or bleeding risk values.
Our aim was to study platelet mean volume in the spectrum of ischemic artery disease and make sense with clinicopathological correlation. Until MPV can reflect changes in either the level of platelet stimulation or the rate of platelet production, determination of cutoff values became essential for prediction of clopidogrel hyporesponsiveness and bleeding risk.
Patients and Methods

Study design:
This study was designed as a prospective cohort study for estimating the diagnostic accuracy of MPV in determining the course and prognosis of patients with unstable angina.
Study protocol: A total number of 230 patients admitted to our CCU with unstable angina over a period of one year (from June 2013 till May 2014) in cardiology department of El-Minia university hospital. Institutional ethical committee clearance was obtained. All of the participants gave written informed consent.
Patients with severe anemia, thrombocytopenia, myelodysplastic syndrome, coagulopathy and recent blood transfusion were excluded.
In the whole population, clopidogrel was initially started. On admission a loading dose of 300 mg was applied to the patients and this was followed by 75 mg daily dose regimen.
MPV analysis: Blood (2 ml) was collected in dipotassium EDTA tubes from all the patients on the first day of admission by a clean puncture, avoiding bubbles and froth. The sample was run within two hours of venepuncture using the Sysmex K-4500 automated cell counter (TOA Electronics, Koebe, Japan). Samples for MPV analysis were drawn on admission, and analysed within 1 hour after sampling by Beckman Caulter LH 780 Analyzer.
Grouping:
Patients are then classified into two groups based on their MPV laboratory result from the first day of admission into:
Group (I): were 175 patients with MPV ≤7.00 fl and, Group (II): were 55 patients with MPV ≥9.00 fl.
Study variables:
Demographical and clinical variables of the patients were recorded including age, sex, body mass index, diabetes mellitus, hypertension and smoking status.
Routine laboratory parameters were also recorded which were consisted of hemoglobin, total platelet count, MPV, CRP, HDL, LDL, triglyceride, AST, ALT, troponin level (cT-nI) and creatinine. Creatinine clearance of each patient was calculated by Cockroft-Gault formula. Concomitant drug therapy of the patients was also recorded.
Clinical manifestations were recorded during the admission period as regards persistent chest pain (more than 30 minute), new onset mitral regurgitation (MR), manifestations of heart failure (HF), ST-segment elevation, acute myocardial infarction (AMI) and arrhythmias.
Major complications as bleeding and urgent need for percutaneous coronary intervention (PCI) are recorded and meticulously studied.
Statistical analysis: Data was presented as numbers and frequencies for categorical variables, and mean ± standard deviation or median values for continuous variables. The continuous variables were analyzed for normality. P value less than 0.05 was considered statistically significant. The Pearson correlation coefficient was computed to examine the association between two continuous variables. ROC curve analysis was used for definition of cutoff value for MPV in predicting clopidogrel hyporesponsiveness.
The value with highest sensitivity and specificity was assessed as the cut-off value. Statistical tests were performed using SPSS version 15 (SPSS).
Results
After collections of all patient's data, a comparison of demographic and medications used were tabulated and compared in Table 1 (comparison between demographic and medications used in the two groups).
The results revealed, there's no statistical differences between groups in demographic features except for age, as group (II) were significantly younger. Also, a higher percentage in group (II) needs thrombolytic therapy and diuretics.
Laboratory results are listed and compared between the groups in Table 2 (results of laboratory findings in both groups).
The Table 2 , revealed, a significant statistical difference between groups was found in the form of higher
MPV, CRP in group (II) versus group (I). Significant high TC, LDL, TG and lower HDL in group (II) than group (I). Also, a higher troponin level in group (II) than group (I).
The clinical course of the cases during admission period is listed and compared in Table 3 (results of clinical findings of both groups).
A statistical significance was found in all clinical manifestations during the admission course between both groups (P = 0.001) in the form of prolonged chest pain, appearance of new MR, HF and arrhythmias in group (II) with significantly lower numbers of ST-segment elevation and AMI in group (I). Bleeding complications were found in four cases in group (I) representing (2.3%) of the total group and laboratory finding in their tests revealed a lower MPV than 6.5 fl as shown in Figure 1 .
Some patients in group-I exposed to bleeding tendencies, they are listed in Figure 1 (percentage of bleeding tendency).
Urgent intervention was needed in 12 patient in group (II) and representing 21.8% of the total group population as shown in Figure 2 (percentage of patients needed urgent interventions).
A correlation was made between MPV and chest pain duration, revealed a strong positive linear relation with (r = 0.9 and P = 0.001) as shown in Figure 3 (correlation between MPV and chest pain duration).
A correlation was made between MPV and CRP and revealed a strong positive linear relation with (r = 0.92 and P = 0.001) as shown in Figure 4 (correlation between CRP and MPV).
Trial to make a cut-off value was best done using ROC-curve as shown in Figure 5 , and the group (I) found that a lower cutoff for bleeding tendency is 6.3 fl with area under the curve 0.763.
Statistical analysis using ROC-curve used for platelet non-responsive to clopidogrel therapy in group (II), as shown, in Figure 6 , that revealed a higher platelet cutoff is 9.7 fl with area under the curve 0.84.
Discussion
Platelets are formed in the bone marrow from the polyploid megakaryocytes. Their volume is regulated by molecular mechanisms and growth factors and doesn't correlate with the age of platelets. It is influenced by thrombopoietin (TPO), interleukin-6 and -3 [21] .
TPO is a main regulator of megakaryocytopoiesis. It also stimulates alpha granule secretion from platelets and enhances their ability to aggregate [22] . TPO was positively correlated with MPV in ACS patients in the report of Senaran et al. [23] . MPV is considered a useful prognostic marker of cardiovascular risk. In general population, higher MPV value is associated with increased occurrence of myocardial infarction (MI) [24] - [26] .
Considering the great prevalence of clopidogrel resistance and associated adverse outcomes, early recognition of these patients is very important. However the major problem in this issue is the lack of standardized method and cut-off values in definition of clopidogrel hyporesponsiveness. Several methods have been used but none of these, have been fully standardized or fully agreed upon to measure clopidogrel responsiveness [27] .
Many intrinsic and extrinsic factors play role in determining platelet volume, In our study, we found a significant increased MPV in younger populations and this was similar to results made by Corash et al. [3] , who confirmed increased MPV and its hyperactivity in younger than older patients.
Moreover, a strong statistical difference between the two groups in relation to their lipograms, this was reflected on their worse outcome in patients having higher MPV (group (II)) and this might point to an independent risk between MPV and poor prognosis. This is confirmed by Klovaite et al. in 2011 [27] who found that, in general Danish population the risk of MI has increased by 38% in individuals with MPV ≥7.4 vs <7.4 fl independently of known cardiovascular risk factors.
We concluded a strong correlation between MPV and C-reactive protein, and this point to its relation to inflammatory markers in acute phase of unstable angina. However, none has been documented this finding in myocardial ischemia, many studies document a strong relation between MPV and CRP in many infectious and inflammatory diseases [28] [29] .
Increased MPV has been discussed recently as a predictor of death in patients with ACS, but the cutoff point of MPV in relation to poor prognosis has not been estimated so far [21] [22] . In our study, we tried meticulously to determine two cutoffs, one for bleeding tendency and other was for risk of poor outcome to medical therapy using ROC curves. We found that, a low cutoff MPV of equal or less than (6.2 fl) carry a risk of bleeding and a high cutoff (9.7 fl) is linked to poor response to anti-platelet therapy.
In some studies conducted in AMI, elevated MPV was associated with higher risk of death and recurrent infarction not only in hospital but also during the 2 years observation after ACS [21] [29] [30] .
Taglieri et al. 2011 [30] investigated higher risk of primary end-point, composed of cardiovascular death and re-MI at 1 year after ACS in patients with NSTEMI with MPV 8.9 fl. Chu et al. 2010 [21] reported the two-fold increase in mortality among acute MI patients with MPV cut off point of 10.3 fl in comparison to a group with the cut-off point of 9 fl. In the study by Dogan et al. 2012 [26] major cardiac outcome (consisting of the composite end-point of cardiac death, MI, recurrent angina and hospitalization) in NSTEMI patients at 12 months was significantly higher in group with MPV >9.9 fl (39% vs 26%, P = 0.016).
Conclusion
This study showed that MPV can be used as a simple bed-side predictor for detection of clopidogrel response in patients with unstable angina. And a cutoff value for both platelet responsiveness and risk of bleeding is now reached. This may lead to enhancement in our decision for early intervention and attention for bleeding risk during clopidogrel therapy.
